This paper examines the extent to which criminal conviction rates are affected by the similarity in gender of the defendant and jury. To identify effects, we exploit random variation in both the assignment to jury pools and the ordering of potential jurors. We do so using detailed administrative data on the juror selection process and trial proceedings for two large counties in Florida. Results indicate that own-gender juries result in significantly lower conviction rates on drug charges, though we find no evidence of effects for other charges. Estimates indicate that a one standard deviation increase in expected own-gender jurors (∼10 percentage points) results in an 18 percentage point reduction in conviction rates on drug charges, which is highly significant even after adjusting for multiple comparisons. This results in a 13 percentage point decline in the likelihood of being sentenced to at least some jail time. These findings highlight how drawing an opposite-gender jury can impose significant costs on defendants, and demonstrate that own-gender bias can occur even in settings where the importance of being impartial is actively pressed on participants.
Introduction
A central right of the accused in the U.S. criminal justice system is the right to a trial before an impartial jury. This right is enshrined in the 6th amendment of the Bill of Rights to the U.S. Constitution, and was inherited from the Magna Carta, which guaranteed that no man be punished without "the lawful judgment of his peers." There are ongoing concerns, however, about the actual impartiality of juries in general, and whether jurors favor those similar to themselves in particular. These concerns have resulted in court rulings that prohibit excluding potential jurors on the basis of race, ethnicity, or sex (Batson v. Kentucky, 1986; J.E.B. v. Alabama, 1994) . However, while recent research has documented bias in favor of own-race defendants (Anwar, Bayer and Hjalmarsson, 2012) , there is little evidence on whether modern juries favor own-gender defendants. The purpose of this paper is to test whether own-gender juries affect criminal conviction rates and sentencing outcomes.
The primary difficulty in doing so is that seated juries are the outcome of a nonrandom jury selection process over which prosecutors, defense attorneys, and jurors have significant influence. As a result, it is difficult to distinguish the effect of own-gender juries from confounding factors, such as defense attorney quality, that lead some cases to have more jurors of the same gender as the defendant. To overcome this selection problem, we use the randomization of the initial juror pool, and the random ordering of potential jurors within that pool, to predict the proportion of female jurors seated on the jury. This enables us to use only the variation in jury gender due to the fact women are (randomly) assigned to some jury pools more than others, and women are (randomly) assigned lower numbers in the ordering of some jury pools than in others. Because the seated jury consists of the first six or twelve ordered jurors who are not excluded by either a challenge for cause or a peremptory challenge (i.e., a challenge for which no reason must be given), this variation is orthogonal to other determinants of trial outcomes. We use this quasi-random variation in jury gender to identify own-gender effects by differencing out the impact of defendant and jury gender, similar to studies on racial bias (e.g., Price and Wolfers, 2010; Shayo and Zussman, 2011; West, 2017) .
To implement this research design, we use a new data set on juror characteristics and conviction and sentencing outcomes for Palm Beach and Hillsborough counties, which are the third and fourth most populous counties in Florida. These data include all felony and misdemeanor trials over a two year period, and contain detailed information on defendant characteristics as well as case characteristics measured at both the charge and trial levels. Importantly, the data also include demographic information on potential jurors and the randomly-assigned ordering of each potential juror within the jury pool. Using this ordering and the empirical probabilities that jurors assigned a given number are seated on the jury, we predict the expected proportion of women on each jury, thereby isolating the as-good-as-random variation in the gender composition of seated juries. Importantly, we show that the predicted proportion of women on the jury is strongly predictive of the gender composition of the seated jury. We also show that this variation is uncorrelated with defendant and case characteristics, and with expected conviction rates of male and female defendants as predicted using exogenous characteristics.
Results provide strong evidence of own-gender juries on conviction rates for drug offenses. Estimates indicate that a one standard deviation increase in own-gender jurors (∼10 percentage points) results in a 18 percentage point reduction in conviction rates on drug charges. Importantly, this effect is significant at the five percent level even after performing the multiple inference adjustment proposed by Anderson (2008) . We also show that this change in jury gender composition leads to a 13 percentage point reduction in the likelihood of being sentenced to jail. In contrast, we find no evidence of effects for driving, property, or violent crime offenses. We hypothesize that the large effects for drug offenses are consistent with a model in which jurors are more likely to exhibit bias in cases where they have significant disagreements with U.S. law. However, we emphasize that we cannot rule out other explanations for the heterogeneity in own-gender effects. In addition, we present suggestive evidence that effects are driven largely by cases in which the jury reaches a verdict, as opposed to cases in which a plea deal is reached prior to the trial.
To our knowledge, this is the first paper to use random variation in own-gender juries to examine effects on convictions in modern criminal courts. In doing so, the paper contributes to two literatures.
The first is the broad literature examining gender bias in education, labor, housing, and product markets. 1 In addition, this paper complements a smaller body of research examining the impact of judge and jury characteristics on criminal trial outcomes. It is most similar to Anwar, Bayer and Hjalmarsson (2012) , who document the impact of having a black juror in the jury pool on felony conviction outcomes.
It is also related to Anwar, Bayer and Hjalmarsson (forthcoming) , who show that while the introduction of women on English juries in 1919 had no effect on overall conviction rates, it resulted in additional convictions for sex offenses and for violent crime cases with female versus male victims. 2 In assessing the role of jurors in affecting male versus female sentencing outcomes, this paper also complements a growing literature that documents and explains gender differences in sentencing (Bindler and Hjalmarsson, 2017; Butcher, Park and Piehl, 2017) . More generally, this study relates to a broader literature on the impact of judge gender (Johnson, 2014; Knepper, 2018; Schanzenbach, 2005; Steffensmeier and Hebert, 1999) and other judge and jury characteristics. 3 Finally, in documenting how defendants who draw opposite-gender juries are more likely to be convicted and sentenced, this paper also complements recent papers documenting unfairness in conviction and sentencing based on other factors (Eren and Mocan, 2018; Philippe and Ouss, 2017) .
The results of this study have important implications. First, they suggest that even in settings where participants are actively reminded of the importance and necessity of being fair and impartial, sizeable gender biases can still occur. In addition, we note that there is strong evidence that higher conviction and incarceration rates lead to increased recidivism and worsened labor market outcomes (Aizer and Doyle Jr, 2015; Mueller-Smith, 2015) . As a result, our findings suggest that drawing an opposite-gender jury can impose significant long-run costs on defendants.
Background and Data

The Assignment of Potential Jurors to the Jury Pool and the Voir Dire Process
As described above, a critical feature of our research design is the random assignment of residents to panels of potential jurors, and the random ordering of residents within each panel. In the Florida counties we study, county court offices randomly mail jury summons to residents who have a driver's license or identification card. Potential jurors arrive at the courthouse on the assigned day and enter their information into a computer system. Each potential juror is then randomly assigned to a case. In addition, within each case each potential juror is assigned a number.
The potential jurors for a given case are then escorted to the courtroom for the voir dire, or jury questioning, process. As described by U.S. Supreme Court Justice Rehnquist, "Voir dire examination serves to protect [the right to an impartial jury] by exposing possible biases, both known and unknown, on the part of the jurors. Demonstrated bias in the responses to questions on voir dire may result in a juror's being excused for cause; hints of bias not sufficient to warrant challenge for cause may assist parties in exercising their peremptory challenges" (McDonough Power Equipment, Inc. v. Greenwood, 1984, page 464) . Prosecutors and defense attorneys are allowed unlimited challenges for cause, though meeting the requirements for removing a potential juror is difficult, and such requests are not always granted by the judge. In Hillsborough and Palm Beach Counties, each side is typically allowed up to three peremptory challenges to remove jurors they believe unlikely to be favorable toward their side of the case. The final jury thus consists of the first six or twelve jurors not struck by either side, beginning with the potential juror assigned number one. Any remaining potential jurors are then excused or returned to jury services to be reassigned.
Data
We obtained detailed administrative data for all misdemeanor and felony cases that were assigned potential juror pools in preparation for trial in Palm Beach and Hillsborough Counties from 2014 to 2016. 4 These are the third and fourth largest counties in Florida, respectively, each with a 2016 population of over 1.3 million people. Importantly, these data include comprehensive information on the voir dire process along with case attributes. Specifically, we observe the pool of jurors randomly assigned to each case including name, seat number, and outcome of the selection process.
Data from Hillsborough County also include the gender of potential jurors, as well as date of birth, race, and address. For Palm Beach County, we infer gender on the basis of the first name. We do so using an online application programming interface called genderize.io. The application predicts gender based on first name using a large dataset comprised of user profiles from several major social networks. Using this approach, we are able to predict probabilistic genders for 92% of potential jurors.
For the names that we do not predict, we assign 0.5 to the female gender indicator variable under the assumption that the missing name is equally likely to be male or female. To verify the accuracy of this approach to inferring gender, we compare predicted gender to actual observed gender in Hillsborough
County, and find that we accurately predict gender 94.38% of the time. We then combine potential juror order and the gender of each potential juror to predict the number of women we would expect to serve, on average, for each trial.
From these data we are able to compute empirical probabilities of being seated on the jury for each spot in the order in the jury panel. 5 To do so, we let the probability vary by size of the potential jury pool and the number of jurors being selected. Standard juries in Florida consist of six jurors, though the judge may decide to seat 12 jurors in some cases. Importantly, this decision is made prior to the assignment of the jury pool, and thus should not affect the internal validity of our approach. These probabilities are shown in Figure 1 , where panel a shows the probability of being seated on the jury for six-person juries, and panel b shows the same for twelve-person juries. For example, for six-person jury trials with a panel size of 20 or less, the probability of being selected for the jury is around 40 percent for the first 10 or so potential jurors, and then declines to around 20 percent for the 20th-ordered potential juror. By comparison, for 12-person juries selected from panels of 50 to 100 potential jurors, the probability of being seated ranges from 25 to 30 percent for the first 40 jurors to close to zero for the potential juror 4 There are 32 cases in Palm Beach County and 1 case in Hillsborough County where there should be a jury panel but the information was not in the case file. Only two of these cases involve drug related charges. 5 In some cases, a second panel of potential jurors was used. Our understanding is this sometimes occurred because the first panel did not result in enough seated jurors, and sometimes because the judge chose not use the first panel at all for some reason. However, we still observe the first (and subsequent) juror panels in those cases, and we order the jurors accordingly. For example, if each of the first two panels had 50 potential jurors, we assign number 51 to the the first ordered juror in the second panel, and number 100 to the last juror in that second panel. We do so even if no jurors from the first panel were seated on the jury. assigned last (e.g., 100th) in the jury pool.
To predict the number of women that will be seated on the jury, we interact the estimated probabilities shown in Figure 1 with a gender indicator variable equal to one for females.
6 Summing this over the pool of potential jurors gives the expected number of females seated. Since trials in our data consist of both six and 12 person juries, we divide by the jury size to get the expected proportion of females. This enables us to make meaningful comparisons across jury panel sizes. In Section 3.1 we demonstrate that the predicted proportion of women on the jury is highly correlated with the actual proportion of women on the jury. In addition, in Section 3.2 we show that the expected proportion of women on the jury is uncorrelated with case and charge characteristics, which is consistent with random assignment to panels and random ordering within panels.
For each case in our data, we observe the charges brought against the defendant and the outcome of each charge including verdict and sentencing. Our primary outcome of interest is an indicator for whether the defendant is convicted of the charge. Importantly, our data include guilty and innocent verdicts issued for all cases for which a jury panel was assigned in preparation for trial. For example, we observe guilty pleas that arise after the jury pool was assigned as well as verdicts found by the jury.
This precludes the possibility of selection bias, since some cases settle after the prosecutor or defense attorney observes the composition of the potential jury pool or the actual seated jury. In addition, we note that for some charges in Florida, a verdict can be given in which adjudication is withheld. In that case the defendant is assigned a term of probation, and upon successful completion of that term is spared a conviction on his or her record. This is the outcome in only 3.56 percent of all charges in our sample, and only 4.05 percent of drug charges. For the main analysis we treat this outcome as guilty, though in Table 7 we show that estimates are similar if we instead classify it as not guilty. Our second outcome of interest is whether and for how long a defendant is sentenced to be incarcerated upon the conclusion of the trial. We define this outcome at the trial level, rather than charge level, since the sentences of individual charges are often served concurrently. In each case we observe the defendant's gender and race along with additional case characteristics including the severity of charges and the judge assigned to the case.
Finally, we note that because the purpose of this paper is to examine the effect of own-gender juries, we exclude cases linked to charges in which fewer than 10 percent of defendants are female.
Consequently, we only consider cases that involve a drug, driving, property, or violent crime. In addition,
we limit violent crimes to domestic crimes, assaults, and robberies. This is due to the low number of female defendants in other violent crime categories, such as sexual assault and murder, which gives us very little variation in defendant gender. 6 The probability of a potential juror being female is used for panels in Palm Beach County.
Summary statistics are shown in 
Methods
In order to identify the effects of own-gender juries, we use a generalized difference-in-differences approach. Specifically, we estimate the following linear probability model:
where the outcome of interest Convict ct is a binary variable equal to one if the defendant is convicted guilty of charge c in trial t. Def F emale t an indicator variable equal to 1 if the defendant in trial t is female, controls for differences in conviction based on defendant gender. Similarly, E(P ropF emale) t , the expected proportion of females seated on the jury for trial t, accounts for differences in the decision to convict due to the gender of jurors. The coefficient of interest, β 3 , measures the effect of own-gender juries on the outcome. X t is the set of control variables at the trial level including defendant's age and race, the total number of charges against the defendant, if the case involves a violent charge, the predicted age of the jury pool, and judge gender. All specifications include county fixed effects along with county-by-crime fixed effects when considering more than one crime category. Observations are weighted by the inverse of the total number of charges in a trial.
Robust standard errors are clustered at the defendant level to allow for errors to be correlated across charges and trials for a given defendant. In addition, because we also test for the presence of owngender juries by crime severity (felony vs. misdemeanor), and by crime type (drug, driving, property, and violent), we also report False Discovery Rate (FDR) adjusted Q-values. These are computed using the method proposed by Anderson (2008) , and adjust for the fact that we examine effects on conviction for six different categories of crime. 8 These are interpreted similarly to p-values from a two-tailed test, and explicitly adjust for the increased likelihood of estimating extreme coefficients when making multiple comparisons.
In addition, we also test whether the effect of own-gender juries on conviction translates to differences in sentencing, which is decided by a judge rather than the jury. For that reason, we focus primarily on the category of charges for which we find an effect on conviction. Due to the discrete nature of prison sentences, the presence of many zero observations, and the wide dispersion of sentence lengths, we estimate the effect of own-gender juries on the distribution of sentences using binary indicators. This is done at the trial level as the sentences for individual charges are often served concurrently. Formally we estimate the following ordinary least squares regression for each binary sentence length:
where AtleastXDays t is a binary indicator for X days sentenced in trial t with X starting with at least 1 day and increasing by 6 month increments to 10 years. The covariates are defined as in the previous equation where β 3 is interpreted as the degree of own gender juries. We allow for correlation in errors among trials with the same defendant by clustering at the defendant level.
The intuition of this generalized difference-in-differences approach is to compare the difference in how male and female defendants are judged by less-female juries to the difference in how male and female defendants are judged by more-female juries. This approach allows more-female juries to convict at different rates than more-male juries, so long as this difference is constant across male and female defendants. Equivalently, we allow male defendants to be "more guilty" than female defendants, though we require that this difference in underlying guilt be similar for more-male and more-female juries.
The identifying assumption of this approach is that while male defendants may have different underlying likelihood of conviction than female defendants, in the absence of a treatment effect the difference in their conviction rates should be the same for more-male juries as for more-female juries. This assumption could be violated in a couple of different ways. The first is if our measure of jury gender is correlated with other factors that affect conviction rates. For example, if skilled defense attorneys are able to strike opposite-gender jurors at higher-than-average rates, then we might observe lower conviction rates when there are more same-sex jurors and falsely attribute it to own-gender juries. To overcome this problem, we construct a measure of expected jury gender composition that is based on the random assignment of individuals to jury pools and the random ordering of individuals within the jury pool. We show that this measure of jury gender is both strongly correlated with the composition of the seated jury, and is orthogonal to other observed determinants of conviction rates such as defendant and case characteristics. We also show that the difference in the guilt propensity of male and female defendants, as predicted using all exogenous characteristics, does not vary with the gender composition of the jury.
The second way in which the identification assumption can fail is if female jurors tend to be more likely to convict defendants of certain crimes (or when certain other crimes are also being charged), and if those crimes are disproportionately committed by certain genders. For example, if women are more likely to convict on a theft charge when a violent crime was also committed at the same time, and if male defendants are more likely than female defendants to be charged with both theft and violent crime, this approach could overstate the effect of own-gender juries. Similarly, if women are more likely than men to convict blacks, and if there is a higher proportion of black male defendants than black female defendants, then our estimated could be biased. To address this possibility, we show the robustness of our estimates to the inclusion of controls that interact the (expected) gender composition of the jury with various case characteristics, such as race and whether the defendant is also being charged with a violent crime. In addition, we include controls that interact the gender composition of the jury with other defendant characteristics, such as race. If the inclusion of these interactions were to result in a decline in our estimate of interest, it suggests that at least some of the effect is due not to own-gender bias, but to differential treatment of some other defendant characteristic correlated with defendant gender.
1.042 for misdemeanor cases. All estimates are statistically significant at the 1 percent level. As a result, it is clear that the combination of more women being assigned to a jury pool and being assigned earlier in the ordering leads to large subsequent differences in the actual gender composition of the seated jury.
Exogeneity tests of the measure of expected jury gender composition
The validity of our empirical approach depends in large part on the assumption that predicted jury gender composition is uncorrelated with confounding factors. While we expect this assumption to hold based on our understanding of how potential jurors are assigned to and ordered within jury pools, we can also provide some empirical evidence. To do so, we regress exogenous defendant and case characteristics on the expected proportion of jurors who are female. These characteristics include jury panel size as well as defendant gender, race, age, the number of offenses, and whether the defendant is being charged with a felony, drug, driving, property, or violent crime. In addition, we also test whether average juror age (available only for Hillsborough County) or judge gender is correlated with our measure of the expected proportion of women on the jury.
Results are shown in Table 3 , with estimates at the trial level shown in Panel A, and at the charge level in Panel B. Overall, there is little evidence that these exogenous characteristics are correlated with our measure of expected jury gender composition. Of the 24 estimates shown, two are significant at the 10 percent level, and one is significant at the five percent level, which is consistent with random chance.
This contrasts with results from the same exercise using actual proportion of women on the seated jury, rather than our measure of expected jury gender composition. In that exercise, the results of which are shown in Appendix Table A .2, nine of the 24 estimates are significant at the 10 percent level, and three are significant at the five percent level. 9 This reflects the fact that the actual proportion of women seated for the jury is the outcome of the non-random jury selection process.
In addition, we also provide another test. The intuition of the test is to use all of the exogenous case and defendant characteristics shown in Table 3 , along with county-by-crime fixed effects, to predict conviction rate for each charge for each individual. This predicted conviction rate is thus a linear combination of all observable characteristics about that case and individual, where the weights are optimally chosen to best predict the likelihood of being convicted on that charge. We graph these predicted conviction rates for male and female defendants against our measure of expected jury gender composition. Our identifying assumption requires that the difference in the underlying propensity for guilt of male and female defendants be orthogonal to jury gender.
Results for all charges are shown in Figure 3a . The symbols represent local averages for charges against male and female defendants, and are grouped into 10 equal-sized bins. In addition, we fit separate lines to the underlying data for male and female defendants. Figure 3a shows that while male defendants are predicted to be found guilty more often than female defendants, this difference is constant across jury gender. This suggests that there is little reason, based on observable case and defendant characteristics, to expect a nonzero difference-in-differences estimate in the absence of an effect of own-gender juries.
Results in Figure 3b show predicted conviction rates for drug charges, where we later show large effects of own-gender juries. Results are similar to Figure 3a in that while male defendants are predicted to have higher conviction rates than female defendants, this difference does not vary with expected jury gender. This is consistent with the identifying assumption, and suggests that any nonzero difference-indifference estimate of the effect of jury gender will be due to the effect of jury gender, rather than some confounding factor.
Effect of own-gender juries on conviction rates
Next, we turn to estimating the effect of jury gender on convictions. Before presenting formal estimates, we first show the raw data. Figure 4 graphs the conviction rates of male and female defendants against the expected proportion of females on the jury. Results for all charges are shown in Figure 4a . It shows that the conviction rates of male defendants are relatively flat as the expected proportion of female jurors increases. By comparison, the conviction rates of females seem to decline somewhat as the expected proportion of female jurors increases, though the difference in slopes is relatively subtle.
Conviction rates for drug offenses are shown in Figure 4b . Conviction rates for male defendants appear to increase somewhat as the expected proportion of female jurors increases. In contrast, conviction rates of female defendants decline sharply as the expected proportion of female jurors increases.
The locally averaged conviction rates for female defendants facing juries with an expected proportion of females less than 0.5 range between 60 and 100 percent. By comparison, locally averaged conviction rates for juries expected to be more than half female range from 20 to 50 percent. In short, female defendants are much less likely to be convicted of a drug charge as the jury is more female, while if anything men are more likely to be convicted as the jury is more female.
Estimation results are shown in Table 4 . All specifications control for the expected proportion of female jurors as well as an indicator for whether the defendant is female. In addition, all specifications control for county-by-crime fixed effects. Column 1 shows the estimate of own-gender juries for all crimes. The coefficient is -0.247 and is not statistically significant. The magnitude of the coefficient implies that a 10 percentage point change in the expected gender of the jury is associated with a 2.47
percentage point reduction in the conviction rate.
Column 2 additionally controls for other defendant and case characteristics such as the defendant's age and race, judge gender, the number of charges in the case, and whether the defendant was also charged with a violent crime such as assault. Consistent with the identifying assumption, the coefficient changes little to -0.256 and remains insignificant.
As discussed earlier, a major threat to identification is the possibility that more male or more female juries are responding not to defendant gender, but to a feature of the case or defendant that is systematically correlated with defendant gender. For example, if women convict at higher rates for all charges when the defendant is also charged with a violent crime, and if male defendants are more likely to be charged with violent crimes along with other crimes, then we can estimate a nonzero own-gender effect even if women apply this standard equally across all defendants. In order to address this concern, in the third column we examine the robustness to our estimate to the inclusion of controls that interact case characteristics with defendant gender and the expected proportion of female jurors. Specifically, we include interactions of the proportion of female jurors with defendant race, age, judge gender, number of charges in the case, whether the individual is being charged with a violent crime, and whether the defendant is being charged with a felony. This allows for the possibility that jurors are responding differentially to defendant characteristics that may be correlated with defendant gender.
Results from a specification that includes these pairwise interactions are shown in column 3 of Table 4 . As shown there, the coefficient of interest becomes somewhat larger at -0.329, though is still statistically insignificant.
Columns 4 -6 of Table 4 show results for felonies. Estimates range from -0.321 to -0.468, though none are statistically significant at conventional levels. Similarly, results in columns 7 -9 show results for misdemeanor charges. Again, all estimates are negative ranging from -0.469 to -0.485 and none are statistically significant. Importantly, due to the fact that we report results for several different subcategories of crime, we also report False Discovery Rate (FDR) adjusted Q-values for each estimate in Table 4 . These are computed using the method proposed by Anderson (2008) , and adjust for the fact we examine a total of six subcategories of crime (felony, misdemeanor, drug, driving, property, and violent). The adjusted Q-values, which are interpreted similarly to two-sided p-values, range from 0.531 to 0.657 for the estimates in columns 4 -9.
Next, we examine effects by category of the criminal charge. Specifically, we examine effects on conviction for driving, property, violent, and drug crime charges. Results are shown in Table 5 . The format is similar to Table 4 in that the first column for each category includes only county fixed effects, the second column adds controls for defendant and case characteristics, and the third column adds controls for interactions between jury gender and defendant and case characteristics.
Results in columns 1 -9 suggest there is little evidence that own-gender juries affect convictions for driving, property, or violent crimes. In contrast, results in columns 10 -12 indicate there is strong evidence of own-gender juries on conviction for drug charges. Tables 4 and 5 , the coefficients in columns 10 -12 of Table 5 are sufficiently extreme as to be unlikely to arise due to chance.
To put these estimates in perspective, we note that Anwar, Bayer and Hjalmarsson (2012) estimate that the impact of having one black potential juror in the jury pool (and thus likely less than a 10 percentage point increase in the expected proportion of jurors that are black) results in a 16 percentage point reduction in the conviction rates for black defendants.
Effects of own-gender juries on sentencing decisions
Next, we turn to the question of whether own-gender juries affect sentencing. While one may expect increased convictions to result in additional incarceration, we note that this link is a priori ambiguous for two reasons. The first is that the additional convictions may be for charges that do not result in incarceration. In addition, while juries make conviction decisions, in these counties judges decide sentencing.
On the one hand, if judges treat all convictions similarly, we would expect to observe own-gender effects on sentencing for drug cases. On the other hand, if judges exercise discretion in sentencing based on either the facts of the case or even on the gender composition of the jury, we may not see evidence of own-gender effects in sentencing outcomes.
Results are shown in Figure 5 , with panels a and b showing results for all cases and drug cases, respectively. Each panel shows estimates of the effect of own-gender juries in which the outcome of interest is whether the defendant was sentenced for at least one day, at least six months, at least one year, at least 18 months, etc., up to at least 10 years. Results for all cases shown in Figure 5a indicate that while there is some evidence that own-gender juries resulted in reduced sentences -especially on the left-hand side of the distribution -none of the estimates are statistically significant. Figure 5b indicate there is a statistically significant decline in the likelihood of receiving a sentence of at least one day. Estimates for the effect on longer sentences are positive but not statistically significant. This suggests that juries are less likely to convict those own-gender defendants who might otherwise be convicted and sentenced to relatively short sentences.
Results in
These results are shown more formally in Table 6 , which shows estimates of the effect of owngender juries on the probability of being sentenced to at least some jail time. Consistent with Figure 5a , estimates in columns 1 -3 for all charges are negative but not statistically significant. In contrast, estimates for cases that include at least one drug charge shown in columns 4 -6 range from -1.264
to -1.453, and are all statistically significant at conventional levels. These estimates imply that a 10 percentage point change in the expected gender composition of the jury results in a 13 to 15 percentage point change in the likelihood of being sentenced to jail or prison.
These findings have several important implications. First, they suggest that own-gender juries do lead to differences in sentencing outcomes, even when sentencing decisions are made by judges. This mean that judges are either unwilling or unable to exercise discretion in an effort to offset the effect of jury gender composition on conviction decisions. In addition, the effects on sentencing imply that not only does drawing an opposite-gender jury lead to a criminal record, but it also leads to increased incarceration. Existing research on the effect of conviction and incarceration on recidivism and employment suggests that this results in significant long-term harm to defendants on drug charges (Aizer and Doyle Jr, 2015; Mueller-Smith, 2015) .
Robustness
As discussed earlier, a major threat to identification of own-gender jury effects is the possibility that jurors of a given gender are responding not to the defendant's gender, but to some other defendant or case characteristic correlated with defendant gender. We test for this by including interactions of jury gender with the number of charges in the case, whether there was a charge for a violent crime in the case, judge gender, and defendant race and age. Results in column 12 of Table 5 indicate our estimates are robust to the inclusion of these interactions, which provides evidence that the effects are due to the interaction of jury and defendant gender and not something else. However, one may also be concerned that jurors of different gender could respond differently to the type of drug charge in the case, which could be correlated with defendant gender. To test for this, we additionally include interactions of expected jury gender with indicators for marijuana possession, possession of other drugs, and possession of drug paraphernalia, where drug trafficking is the excluded group. Results are shown in column 2 of Table 7 , where column 1 replicates our main estimate for drug charges of -1.815 from column 12 of Table 5 . Results in column 2 show that including these interactions increases the magnitude of the estimate to -2.092. This provides further evidence that the effects shown are due to the interaction of defendant and jury gender, rather than the interaction of jury gender with some other characteristic correlated with defendant gender.
In addition, we also test the robustness of our estimates to different specifications as well as to alternative ways of constructing our predicted jury gender measure. In column 3 of Table 7 we estimate the effect controlling for predicted juror age, which we only observe in Hillsborough County. The estimate is similar at -2.296, and is significant at the five percent level. Column 4 shows the estimate from our main specification when we classify outcomes in which adjudication was withheld as not guilty rather than guilty, which occurs in 4.05 percent of the drug charges. The magnitude of the estimate is reduced slightly to -1.659, but is still statistically significant at the 5 percent level.
In columns 5 -7 of Table 7 , we estimate the own-gender jury effect when we classify the gender of potential jurors differently. Specifically, we classify jurors for whom we could not identify gender using genderize.io as either all female (column 5) or all male (column 6), respectively, rather than as having an equal likelihood of being male as female. Estimates are similar in magnitude and significance at -1.614 and -1.844, respectively. In addition, in column 7 we classify the gender of jurors based on the names and genders recorded in Florida by the Social Security Administration. The resulting estimate is -1.749, which is similar to the baseline estimate of -1.815.
Finally, in columns 8 -10 of Table 7 we show that our estimate of own-gender juries is robust to alternative methods of predicting jury gender. In column 8 we estimate the effect when we do not smooth the probability of being seated on the jury for a given jury and panel size using a local linear estimation with epanechnikov kernel, as we did for our main results. Instead, we use the raw probability that a juror assigned that number in a panel in a given range was seated on the jury. The estimate is -1.681 and is significant at the five percent level. The estimated effect is also similar if we use probit instead of local linear estimation, as shown by the estimate of -1.887 in column 9. The same is true when we use a local linear smoother but do not condition on jury panel size (-1.698), as shown in column 10.
In summary, we find no evidence that our estimated effect of own-gender juries on convictions in drug cases is due to male or female jurors responding differentially to a characteristic correlated with defendant gender, rather than defendant gender itself. In addition, we find that this own-gender effect is robust to alternative ways of defining the outcome and predicting jury gender.
Discussion and Interpretation
There are several potential mechanisms through which own-gender juries could have such large effects on conviction and sentencing outcomes. The first is that seated jurors may exhibit own-gender bias when making conviction decisions on drug charges. Given that we do not observe true guilt, it is difficult for us to assess which jurors -male or female -are biased, and in what direction. But under this interpretation, the results would be due to male and/or female jurors being either too lenient to own-gender defendants, being too tough (i.e., wrongfully convicting) on opposite-gender defendants, or both.
Relatedly, effects could be due to the expectation of juror bias in criminal drug trials. For example, a defendant may be more likely to accept an otherwise unappealing plea deal if the expected jury composition is largely opposite-gender. It is also possible that prosecutors or defendants falsely believe jurors will engage in gender bias during the trial, resulting in a change in plea deal behavior prior to the start of the trial.
Finally, an increase in the number of opposite-gender jurors could lead the defense to use their peremptory challenges on opposite-gender potential jurors. This would mean the attorney would have fewer peremptory challenges to use on other unfavorable jurors, thereby weakening the defendant's chances at acquittal. However, we note that doing so would violate the legal standard set by Batson v. Kentucky (1986) and J.E.B. v. Alabama (1994) . In addition, the fact that predicted jury gender is so highly correlated with actual jury gender provides empirical evidence that the attorneys are unable to significantly offset random changes in expected jury gender.
Data limitations make it difficult for us to distinguish between these potential mechanisms with any certainty. However, to shed some light on this question, we estimate effects separately for cases that did and did not get to trial. 10 Results are shown in Appendix Table A3 , which shows that both sets of point estimates are statistically significant at the one percent level. However, the magnitude of the effect for charges decided by jury is twice as large as the effect when the case was decided prior to the conclusion of the trial. We interpret this as suggestive evidence that effects are largely driven by changes during or after the trial, such as gender bias by juries. We note, however, that selection into whether a case goes to trial after the jury panel is assigned makes it difficult to interpret these differences with certainty.
A second question regarding the interpretation of this study's findings relates to the strength of the effects for drug charges compared to driving, property, and violent crime. Unfortunately, our data are not well-suited for explaining this difference across crime types. We speculate it is because even though (Morning Consult, 2016) . This shift in attitudes on drug laws is also reflected in recent state policy changes regarding drug possession. 11 These views are particularly relevant given the drug charges in our sample, over 58 percent of which are for possession of drugs or drug paraphernalia without intent to distribute.
In contrast, there is little to no public support for weakening the enforcement of non-drug laws, and significant support for even strengthening enforcement. While surveys of Americans' perceptions of non-drug offense prosecution are less common, what evidence there is contrasts sharply with views on drug crime enforcement. For example, only 11 and 1 percent of adults believe that the sentences typically given for non-violent property crimes and violent crimes, respectively, are too harsh (Huffington Post/YouGov, 2013) . As a result, we interpret this study's findings as most consistent with a model in which jurors fairly enforce the laws with which they mostly agree, but disproportionately favor own-group defendants when deciding whether to enforce laws with which they might not agree. That is, while a juror may be willing and able to convict out-group defendants who break a law with which the juror disagrees, she is perhaps less willing to convict in-group defendants of the same crime. We emphasize, however, that there could be other explanations for the difference in results for across crime types.
Conclusion
In this study, we test for the effect of own-gender juries on conviction and sentencing outcomes. To overcome potential bias due to nonrandom jury selection, we exploit the fact that potential jurors are randomly assigned to jury pools for each case, and are randomly ordered within each jury pool. This enables us to predict the gender composition of each jury for each case set to go to trial, thereby isolating the as-good-as-random variation in jury gender. We combine this variation with variation in defendant gender to estimate the effect of own-gender juries.
Results provide strong evidence that own-gender juries result in lower conviction rates for drug offenses. We estimate that a ten percentage point change in the expected own-gender composition of the jury results in a 18 percentage point decline in conviction rates on drug charges. A similar change in jury gender results in a 13 percentage point reduction in the likelihood of being sentenced to at least some jail time. These are large effects, though we note this is consistent with prior research on the effect of juror race (Anwar, Bayer and Hjalmarsson, 2012) .
gender bias by jurors when deciding to convict, and what is due to changes in the offering or acceptance of plea deals based on perceptions of jury bias.
Our results are important for the debate over the use of peremptory challenges in selecting a jury.
By documenting the significant harm that can arise to defendants who draw opposite-gender juries, we highlight the potential benefits to the prosecution of removing same-gender individuals from the jury pool. Similarly, defendants in drug cases stand to benefit greatly if their attorneys are able to successfully remove opposite-gender jurors from the jury pool. As a result, our results provide support for recent court rulings that disallow prosecutors or defense attorneys to strike potential jurors from the jury pool on the basis of gender.
In addition, our results add evidence to a growing literature documenting own-gender bias in decisionmaking. Our findings suggest that such bias can arise even in settings where the objective of impartiality is heavily emphasized and protected. Specifically, throughout the juror selection process the necessity of being impartial and fair is actively pressed on potential jurors. In addition, the process explicitly allows for both sides to remove potential jurors from the jury if they are shown or believed to be unfair. We find that even in this process, the similarity in gender of the jury to the defendant has a significant effect on conviction and sentencing outcomes. Notes: Each estimate shown represents the effect of own-gender juries on total sentencing in the case. The outcomes of interest, from left to right, are a set of indicators for sentenced to at least one day, sentenced to at least six months, 1 year, 1.5 years, 2 years, etc., up to at least 10 years. Figure 4a includes all drug, driving, property, and violent crime cases. Figure 4b restricts to cases with at least one drug charge. Notes: All specifications include controls for defendant gender and expected gender composition of the jury, as well as county fixed effects. Additional controls include defendant age, the number of charges in the case, and indicators for defendant's race, judge's gender, and whether there was charge for a violent crime in the case.
Figures and Tables
Interactions include controls for each of those characteristics interacted with the expected proportion of female jurors. Standard errors are in parentheses and are clustered at the defendant level. False discovery rate (FDR) adjusted Q-values adjust for multiple inference given the six subcategories of crime examined. They are constructed using the method proposed by Anderson (2008) and are interpreted as two-sided p-values. *p<0.10, **p<0.05, ***p<0.01 
